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Abstract 
Objective: Slipped capital femoral epiphysis (SCFE) is a common hip disorder affecting children 
and adolescents. There is much debate concerning best treatment with regards to adverse 
outcomes, specifically avascular necrosis (AVN). This study analyzed the rates of adverse 
outcomes after the surgical treatment of SCFEs. It examined risk factors which may lead to the 
development adverse outcomes. This research will aid clinical decision-making, helping 
determine optimal surgical treatment of SCFEs and adding to external datasets of SCFE 
treatment.  
Methods: This was a retrospective review of patient health records at a level 2 pediatric trauma 
hospital. The study included all SCFE procedures performed at the hospital from 2005-2018. 
Data collected included age, gender, BMI, surgical fixation and complications. Descriptive 
statistics included frequency (percent) used for categorical variables and mean (range) for 
continuous variables.   
Results: A total of 222 total cases were reviewed. In situ pinning (ISP) was performed in 203 
cases, ISP with hip capsule decompression in 13, and the modified Dunn in 6.  Avascular 
necrosis occurred in 3.4% of ISP cases, 7.7% of ISP with hip capsule decompression, and 66.7% 
of modified Dunn cases.  
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Introduction/Literature Review  
Slipped capital femoral epiphysis (SCFE) is a disorder in which a skeletally immature hip is anatomically 
disrupted through posterior translation of the proximal femoral physis along with an anterior displacement 
of the metaphysis.1,2,3 SCFE is one of the most common hip disorders affecting children and adolescents, 
typically occurring at the mean ages of 12 years in boys and 11.2 years in girls. There is often no source 
of trauma and it commonly presents as pain in the groin, thigh, hip, or knee.  Although the exact 
mechanism by which a SCFE develops is unknown, it is believed to be a multifactorial disorder with a 
link to obesity, endocrine disorders, and renal failure, with the highest emphasis on obesity.2 One study 
found that 45 of 53 SCFE patients were obese with higher hemoglobin A1C levels compared to a control 
group.4 These results warranted the possible discussion about monitoring SCFE patients for future 
development of type 2 diabetes mellitis. In general, obese children often have an earlier onset of SCFE 
than non-obese children.5   
Although there are multiple ways to classify a SCFE, one commonly used metric is the stability 
of the slip. A patient with a stable SCFE is weight bearing, while a patient with an unstable SCFE 
demonstrates no weight bearing ability, with or without crutches. SCFE can also be classified by the 
degree of displacement. Mild cases have less than 33% of the physeal diameter, moderate have between 
33%-50%, and severe  have greater than 50% of the physeal diameter displaced.6–8  Finally, a SCFE can 
be classified into 3 categories based on the timeline of injury; acute, chronic, or acute on chronic. An 
acute SCFE is defined by onset of symptoms occurring for <3 weeks, a chronic SCFE has symptoms 
present for >3 weeks, and acute on chronic is defined as when symptoms occur abruptly with 
exacerbation of pain occurring for >3 weeks.9  
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The correct treatment course after the onset of SCFE is highly debated. Currently, treatment is 
largely determined by the stability of the slip. The most commonly practiced treatment of a stable SCFE 
is an in situ pinning (ISP), during which a screw is placed to fixate the bone perpendicular to the 
physis.2,10–12 This should prevent additional displacement and decrease the risk of AVN and further 
deformity. Although it is believed that ISP has the lowest risk of avascular necrosis (AVN) there are some 
studies that demonstrate that the procedure may lead to long term sequelae of hip mobility and 
functionality; these complications include osteoarthritis and femoroacetabular impingement (FAI).13,14 
Unstable SCFEs are typically treated with either ISP or the new modified Dunn procedure, and there is 
much discussion regarding each procedures’ adverse outcome rates, particularly of AVN. The new 
modified Dunn procedure consists of an open reduction and fixation of the SCFE,6,15 but there is 
inconclusive evidence as to which surgical style minimizes AVN risk.  The procedure is typically used in 
acute, unstable SCFE patients, which are inherently at a greater risk of complication.7  
In our study, we analyzed the rates of post-operative AVN following ISP or the Modified Dunn 
procedure and compared these results to previously reported rates. We hypothesized that our rates of 
AVN after ISP, the dominant procedure performed at Dayton Children’s Hospital, would be at the 
reported rates of similar healthcare facilities. We also examined  potential risk factors that may correlate 
with the development of post-operative AVN. This research will aid clinical decision-making, helping 
determine optimal surgical treatment of SCFEs and adding to the external datasets of SCFE treatment. 
Hypothesis/Specific Aims/Research Questions 
In our study we hope to analyze the rates of AVN postoperatively at Dayton Childrens Hospital 
and compare them to other recently reported studies. Dayton Childrens hospital primarily uses 
the pinning method while performing SCFE surgeries. We will therefore compare AVN rates 
following pinning procedures with the other reported studies using the same procedure. This 
information may also be compared to the modified dunn procedure in hopes of identifying a 
superior procedural technique. This may help future surgical decisions and training for the 
 Last Name 4 
 
treatment of SCFE at DCH. We hope this will further the effort amongst the pediatric orthopedic 
community to solidify the methods chosen for SCFE surgery dependent on the type and severity 
of the slip.  
Methods 
We will be retrospectively reviewing both electronic and physical copy charts at Dayton 
Childrens hospital for the past 20 years. This will be a retrospective cohort study which will 
analyze outcomes following the pinning procedure used in the correction of a SCFE..  In this 
review we will analyze the rates of AVN in treated patients along with noting any other adverse 
outcomes for children. We will compare the outcomes using rate comparisons such as relative 
risk, confidence intervals and two sample t-tests. The total amount of patients used will range 
from 250-400 depending on defined inclusion/exclusion criteria Other variables such as obesity, 
gender, age, ect will be reported and used to stratify the data accordingly. However these will be 
used to correlate possible etiologies of SCFEs while the main purpose will be to determine how 
the outcomes of the surgical procedure used at DCH compare to national averages amongst other 
reported outcomes.  
Results 
The demographics of the patients and comparisons between males and females are shown in Table 1. Of 
note there were 144 males and 78 females in the 222 total cases reviewed. Male patients were slightly 
older and a higher percent had BMIs ≥95th percentile. Female patients were significantly more likely to 
have endocrinopathy compared to males (Table 1). A total of 203 ISP procedures were used, 13 ISP with 
hip capsule decompression, and in 6 cases the modified Dunn technique was used. There were 12 
instances of AVN (5.4%), 2 of chondrolysis (0.9%), 17 of FAI (7.7%), and 15 instances of hardware 
removal (6.8%) (Table 1).  
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 BMI was available for 169 patients and was converted to percentiles based on age and gender. 
Table 2 shows the comparisons between patients with BMI <95th percentile vs. ≥95th percentile on 
clinical variables and complications. There were no differences between the groups for comorbidities, 
SCFE classification, surgical complications, or surgical fixation technique (Tables 2, 3).  
Of the 12 cases of AVN, ISP was used in 7 of the hips (3.4% of ISP cases), 1 case involved ISP 
with hip capsule decompression (7.7% of ISP with hip capsule decompression), and 4 cases used the 
modified Dunn technique (66.7% of modified Dunn cases). It is of note that the cases ofAVN reported 
with the modified Dunn technique were performed by 1 surgeon. Table 3 shows the comparisons of 
patients with and without AVN for age, BMI, clinical variables, and other complications. AVN was 
significantly associated with the type of surgical fixation, the need for return to the operating room (OR), 
and surgical complications (Tables 3,4,5) .   
In this study, patients with a history of endocrinopathy had a significantly higher rate of hardware 
removal compared to patients with no comorbidities (16.0% vs. 3.3%, P<0.05) (Table 5). There were no 
other significant risk factors associated with post operative complications.  
 
 
Table 1. Descriptive statistics for all patients, and comparisons between males and females 
 
Variable All patients Males Females P value 
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 n (%) n (%) n (%)  




































































Return to OR (n, % yes) 30 (13.5) 20 (13.9) 10 (12.8) 0.824 


























Any complication (n, % yes) 46 (20.7) 30 (20.8) 16 (20.5) 0.955 
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AVN (n, % yes) 12 (5.4) 9 (6.3) 3 (3.8) 0.547 
Chondrolysis (n, % yes) 2 (0.9) 2 (1.4) 0 (0.0) 0.542 
FAI (n, % yes) 17 (7.7) 8 (5.6) 9 (11.5) 0.110 
Hardware removal (n, % yes) 15 (6.8) 11 (7.6) 4 (5.1) 0.477 
 
aP<0.05 compared to endocrinopathy, bP<0.05 compared to ISP technique, Bonferroni multiple comparisons tests. 
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Modified Dunn 3 (6.5) 3 (2.4) 
Return to OR (n, % yes) 6 (13.0) 22 (17.9) 0.451 




















Any complication (n, % yes) 13 (28.3) 24 (19.5) 0.221 
AVN (n, % yes) 4 (8.7) 5 (4.1) 0.257 
Chondrolysis (n, % yes)  0 (0.0) 0 (0.0) na 
FAI (n, % yes) 5 (10.9) 10 (8.1) 0.555 
Hardware removal (n, % yes) 4 (8.7) 9 (7.3) 0.752 
 





























BMI ≥95th percentile 
















































































































































Table 4. Comparisons between patients with vs. without AVN 
 
Variable No AVN AVN P value 


































































Return to OR (n, % yes) 24 (11.4) 6 (50.0) <0.001 
Surgical complication (n, % yes) 1 (0.5) 2 (16.7) <0.001 
 
 aP<0.05 compared to ISP technique, Bonferroni multiple comparisons test. 
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a: P<0.05 vs. None group; b: P<0.05 vs. AVN group; c: P<0.05 vs. Chondrolysis group; d: P<0.05 vs. FAI group, 
Bonferroni multiple comparisons tests 
 



















































































































































Bonferroni multiple comparisons tests (paired comparisons when overall chi-square test is significant): 






This study demonstrated a total AVN rate of 5.4%. This falls on the lower end compared 
to similar studies reporting AVN rates after treatment.16 However, Reported AVN rates for 
SCFE surgical treatments differ among studies. In this study, there was a statistically significant 
difference in AVN rates based on the surgical technique used. ISP without hip capsule 
decompression demonstrated the lowest rate of 3.4% and ISP with hip capsule decompression at 
7.7%. The ISP technique had a statistically significant lower rate of AVN when compared with 
the modified Dunn technique which had an AVN rate of 66.7% (4 out of 6 cases).  In comparable 
studies, overall AVN rates for pinning procedures range from 1.4- 28%.6,10,11  Similarly in 
comparable studies overall AVN rates for the modified Dunn procedure ranged from 3-43%.17–24 
Another study comparing the preliminary results of ISP versus the modified Dunn procedure 
demonstrated that there were similar AVN rates in both groups.6,25  In our study, the modified 
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Dunn group showed the highest rate of AVN. One meta-analysis reports that variability in AVN 
rates shown in some studies may be attributed to the fact that they were performed at much 
higher volume centers; similar studies at lower volume centers displayed higher AVN rates..2  
In this study, a history of endocrinopathy showed a higher rate of hardware removal 
when compared to patients with no history of endocrinopathy. In previously reported studies a 
history of endocrinopathy may be associated with worse post-operative complications in SCFE 
surgery. This was attributed to low serum level of vitamin D, which is a key regulator in bone 
homeostasis.4 This may correlate to the complication of hardware removal seen in our study; 
however, vitamin D levels were not obtained during this study. Aside from this variable, there 
were not significant risk factors for FAI, hardware removal, and chondrolysis.  
As previously mentioned, SCFE injuries are also classified by slip stability. In previous 
literature has shown that unstable SCFEs have higher rates of AVN after surgical treatment than 
stable SCFEs,  ranging 23-60%26,27. This provides insight as to whether the development of AVN 
may be attributed to the slip stability vs.  hip procedure used. Although we did not include slip 
stability in the analysis, it is possible that AVN may be correlated with the slip stability of the 
patient’s SCFE. However, even if the onset of AVN is correlated with slip stability, it is unlikely 
to be causative, as it is more likely that the slip stability would influence the surgeon’s preferred 
method of treatment, which would in turn affect the incidence of AVN. 
 
Conclusion 
There are several limitations to this study. The study was performed at one hospital using one 
group of pediatric orthopaedic surgeons. The study took place at a hospital with moderate patient 
volume. Studies with higher or lower volume of orthopedic cases may observe different results, 
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and our formation may not be generalizable to those hospitals. Finally, since the predominant 
procedure used at DCH was ISP it is more difficult to generalize the findings for other 
procedures.    
This study demonstrated that the total AVN rates after SCFE procedures at DCH are 
comparable to previously reported studies where the procedure primarily used was in situ 
pinning. This study found statistical significance while observing the type of procedure used, 
patients who received ISP had statistically significantly lower rates of AVN than patients treated 
with the modified Dunn technique. Endocrinopathy was associated with a higher rate of 
hardware removal which was considered a post-operative complication. No other significant risk 
factors were seen. The rates for AVN after in situ pinning were at the lower end of the previously 
reported while the rates of the modified Dunn were at the higher end of previously reported 
ranges. It may be useful to utilize a higher power study using a multicenter approach to look at 
AVN rates while using the modified Dunn technique.   
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